 Tamura and Nei ( 1993) 
Although this mathematical model fitted the observed pattern of nucleotide substitution quite well, the goodness of fit of the model has not been tested statistically.
In the present communication, I would like to examine Horai et al.'s ( 1992) data on the coding region of mtDNA and show that Tamura and Nei's model fits observed data better than does Hasegawa et al. 's ( 1985) model. In the present analysis, the rate of nucleotide substitution is assumed to be constant among the third codon positions. The statistical method introduced here seems to be useful as a general tool for choosing an appropriate model for estimating the number of nucleotide substitutions between nucleotide sequences.
gRgY
=gA-(p,+k+;
PTT = gT -(PTC + PAT + PTG)/~ (8)
According to Tamura and Nei's model, the expected proportion (pu) of the pair of nucleotides i and j (i, j = A, T, C, or G) between a pair of sequences compared is given for 10 different pairs as follows: 
(10)
where aI, a2, and p stand for the rates of transitional change between purines and between pyrimidines and of transversional change, respectively. gA, gT, gc, and
sawa l-l, Japan. from the observed proportions. tional change, is assumed to be the same for both ' 2 X log-likelihood ratio. * P < 0.01. ** P-c 0.001.
purines and pyrimidines, i.e., al = a2 = a, but the Using the c1 value for both aI and a2 in equations ( 1) estimation of PAo and prc becomes complicated in the and (2), we can then compute PAo and pTc by the first former. First, the a value has to be iteratively computed parts of the equations. from the observed proportion of transitional differences Once a set of pij's is obtained, the log-likelihood P ( = Pi +P2) so as to satisfy the following equality: score (L) can be computed by the following equation: ( 1 -P)l4
( 1 -P)l4
( 1 -P)l4 Q/4 Q/4 Q/4 Q/4
( 1 -P-Q)/4 ( 1 -I'--Q)l4
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(1 -e)( 1 -Q)l2 -Pl4 restriction on this likelihood-ratio test is that the models compared should be nested, i.e., one of the models is a special case of the other. In the present case, Hasegawa et al.% model is a special case of Tamura and Nei's model. Another criterion for model comparison is AIC ( Akaike information criterion) (for review, see Kishino and Hasegawa 1990) . AIC is an asymptotically unbiased estimator of the expected value of L, E( t ), or the Kullback-Leibler information quantity. An advantage of using AIC rather than the likelihood-ratio test is that AIC is applicable for comparison of non-nested models as well as of nested models. AIC for a given model is computed as follows:
where k denotes the number of free parameters for the model. In the present case, k = 6 for Tamura and Nei's model, k = 5 for Hasegawa et al.'s model, and k = 9 for the multinomial distribution model. The model which minimizes AIC is considered to be most appropriate among the models examined.
Note that AIC for the multinomial distribution model is not necessarily the smallest. This is because AIC takes into account not only the goodness of fit but also the variance of estimates. The model which gives larger AIC than that for the multinomial distribution model is considered to be inappropriate. These results suggest that a is different between purines and pyrimidines. Kimura (1980 ), Tamura (1992 , and Tajima and Nei ( 1984) are listed in table 3. They are maximum-likelihood solutions under the assumption that the observed nucleotide frequencies are equal to the equilibrium nucleotide frequencies.
All pij's are estimable from observed sequence data. Needless to say, if the underlying model is appropriate, then the estimation method based on the model is also considered to be appropriate.
There is no almighty method for estimating the number of nucleotide substitutions, and the appropriate method may be different case by case. Therefore, the present method will be useful for finding the appropriate method. When more than two sequences are compared, the average of L-L (M) or AIC(M)-AIC for all the pairwise comparisons may be used, where L(M) and AIC( M) are L and AIC for the multinomial distribution model, respectively.
